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What is SES?
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- Common concept in health research, referring to the social
and economic factors that influence what positions individuals
or groups hold within a society

- Usually, poorer socio-economic circumstances lead to poorer
health and higher mortality

- Rare exceptions (breast cancer, melanoma, hayfever?)

- Associations may change over time (lung cancer)

Krieger, Annu Rev Public Health, 1997:18:341-78
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Why measure SES?
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1. To describe socio-economic differentials in health, inform
health policy and monitor changes over time

2. To explain mechanisms of disease

3. To adjust for SES as a confounder, when another exposure
is the main focus of interest

- Many exposures are socially patterned (distance to roads)

- Use composite indicators, capturing several aspects of SES
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Measures of SES
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- No single best indicator of SES suitable for all study aims,
all time points and all settings

- Each indicator measures different (but related) aspects
that may be relevant to different health outcomes and at
different stages in the life course

Galobardes, J Epidemiol Community Health 2006;60:7-12 & 95-101
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Measures of SES :
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Individual level SES indicators

Education

- Knowledge related aspects of a person

- Long-term influence of early life circumstances, adult resources
- Easy to measure, high response rates

- Relevant to all ages and work circumstances

- Meaning varies between birth cohorts (women!)

Galobardes, J Epidemiol Community Health 2006;60:7-12 & 95-101
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Measures of SES
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Occupation

- Persons’ place in society, social standing, income and intellect
- Social network, stress, autonomy

- Toxic/work task exposures

- Available from routine data (census, death certificates)

- Limitations: unemployed, retired, house workers, students, kids

- Meaning differs between birth cohorts & geographical settings

Galobardes, J Epidemiol Community Health 2006;60:7-12 & 95-101
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Measures of SES :
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Income

Material resources (converted into health enhancing
commodities and services)

Dose-response with mortality; accumulates over life
Can change most at a short-term basis

Poor response rates, not available in routine data

Housing

Material aspects of SES
Easy to collect, or available from routine data

Specific to period and setting

Galobardes, J Epidemiol Community Health 2006;60:7-12 & 95-101
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Measures of SES
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Area- level SES indicators

Area-level indicators

- From small-area data, usually from census or other
administrative databases

- Proxy for SES of people living in these areas

- Composite scores available (proportion unemployed, with
higher education, house and car owners, etc)

- Particularly useful for women and children

- Can change over time

Galobardes, J Epidemiol Community Health 2006;60:7-12 & 95-101
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SES and Childhood Leukaemia
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Review, Poole et al, IJE, 2006

- Extensive review of literature through August 2002 (N=47)
- Direction of association and p-values
- Results described with regard to

- study design

- SES measure (individual or ecological)

- calendar period

- geographic locality

Poole, Int J Epidemiol 2006;35:370-84
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Review Poole et al, IJE, 2006 = 7m—e
Results 50% : 50%

UNIVERSITAT

Negative associations (more leukaemia in deprived families)
- Case control studies (control selection bias?)
- Individual-level measures (family income, parental education)

- More recent

Positive associations (less leukaemia in deprived families)
- Registry-based studies (case selection bias?)

- Ecological studies with area-based SES measures
- Older studies

Poole, Int J Epidemiol 2006;35:370-84 11



2) SES and Childhood Leukaemia u
Review Poole et al, IJE, 2006

UNIVERSITAT

Recommendations

- estimate/minimised SES-related selection and
participation in case-control studies

- compare different SES measures (which might represent
different risk factors

- consider timing of exposures (at birth, at diagnosis)

- evaluate time trends

Poole, Int J Epidemiol 2006;35:370-84
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Poole, Int J Epidemiol 2006;35:370-84




2) SES and Childhood Leukaemia u

Recent publications b
United Kingdom childhood cancer study i
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Childhood leukaemia and socioeconomic
status: fact or artefact? A report from the
United Kingdom childhood cancer study
(UKCCS)

Alex Smith,'* Eve Roman,! Jill Simpson,' Pat Ansell,! Nicola T Fear? and Tim Eden’

Accepted 27 July 2006

Background It is widely believed thart children of high socioeconomic status (SES) are more
likely than those of low SES to develop acute lymphoblastic leukaemia (ALL).
Such observations have led to wide-ranging speculations about the potential
aetiological role of factors associated with affluence and modernization.

Methods Children (0-14 years) newly diagnosed with cancer in the UK between 1991 and
1996 were ascertained via a rapid hospital-based case finding system (1 = 4430,
of which 1578 were ALL). Children without cancer (controls) were randomly
selected from primary care population registries for comparative purposes
(11 = 7T763). Area-based deprivation scores were assigned as markers of SES at
two time points—birth and diagnosis. An individual-based marker of SES—social
class—was assigned using father's occupation as recorded on the child’s birth
certificate.

Results No differences in area-based measures of deprivation were observed between
cases and controls at time of diagnosis, either for all cancers combined [# = 4430,
odds ratio (OR) = 1.00 (95% confidence intervals (CI) 0.98-1.01)] or for ALL
alone (n = 1578 OR = 0.99, 95%CI 0.96-1.01). Findings were similar at time of
birth (all cancers, OR = 0.99 95%CI 0.98-1.01, ALL OR = 0.98, 95%CI 0.96—
1.00). In addition, no case-control differences were observed when an
individual-based measure of SES—social class—based on father’s occupation
at time of birth was used.

Conclusions The comprehensive nature of the data, coupled with complete case-
ascertainment and representative population-based controls suggests that SES
in the UK is not a determinant of ALL in children. We believe the small effects
reported for SES in some past studies may be artefactual.

Keywords  bias, childhood cancer, childhood leukaemia, epidemiology, socioeconomic status




2) SES and Childhood Leukaemia u

Recent publications
United Kingdom childhood cancer study
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- Case-control study
- Cases: 0-14 yr-olds with leukaemia/all cancers (1991-96)
- active case finding system; 10% more than routine registration

- Controls from primary care population registries

- SES measures:
- Area-based deprivation scores at birth
- Area-based deprivation scores at diagnosis
- Paternal occupation at birth

- No need to contact children for study (data from databases)
- Interviews with cases and controls for other purpose

Smith, Int J Epidemiol 2006;35:1504-13 15
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Recent publications “
United Kingdom childhood cancer study

Estimation of potential impact of case and control selection:

- Analysis I: all selected cases and controls

- Whether or not they participated in questionnaire
- Analysis Il: interviewed cases and 1st choice controls
- Simulating case selection bias

- Analysis lll: interviewed cases and interviewed controls

- Simulating control selection bias

Smith, Int J Epidemiol 2006;35:1504-13 16
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United Kingdom childhood cancer study

Results | All selected cases & controls
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- Selection bias minimised (all controls, all cases (+10%)
-  No association

- Results similar for all leukaemias, ALL, all cancers, and paternal
occupation

SES quintiles | OR leukaemia (Dg) OR leukemia (birth)
1 Affluent 1 1

2 1.06 (0.90-1.24) 1.00 (0.85-1.18)

3 0.92 (0.78-1.08) 0.88 (0.74-1.04)

4 1.03(0.88-1.21) 0.96 (0.81-1.13)

5 Deprived 0.96 (0.82-1.13) 0.92 (0.78-1.07)

Smith, Int J Epidemiol 2006;35:1504-13 17
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United Kingdom childhood cancer study
Results Il Interviewed cases & first-choice controls

- Simulation of case selection bias
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- Only cases participating in interview (595)
- All selected controls
- spurious protective effect in most deprived group

SES quintiles | OR leukaemia (Dg) OR leukemia (birth)
1 Affluent 1 1

2 1.03 (0.86-1.24) 0.92 (0.76-1.12)

3 0.85 (0.71-1.03) 0.75 (0.62-0.91)

4 0.97(0.80-1.17) 0.88 (0.72-1.06)

5 Deprived 0.80 (0.65-0.98) 0.77 (0.63-0.94)

Smith, Int J Epidemiol 2006;35:1504-13

18
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United Kingdom childhood cancer study :
Results lll Interviewed cases & interviewed controls =™

- Cases refusing interviews excluded (as above)

- Non-responding controls replaced

- Control selection bias >> case selection bias
- spurious increased risk in most deprived group

SES quintiles | OR leukaemia (Dg) OR leukemia (birth)
1 Affluent 1 1

2 1.11 (0.94-1.39) 0.99(0.84-1.18)

3 1.00 (0.84-1.16) 0.90 (0.76-1.07)

4 1.16(0.98-1.37) 1.04 (0.88-1.23)

5 Deprived 1.21 (1.02-1.43) 1.08 (0.92-1.28)

Smith, Int J Epidemiol 2006;35:1504-13

19
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United Kingdom childhood cancer study

IV Who moved between birth and diagnosis?

Deprived families moved more often

SES quintiles

OR moving (Dg)

1 Affluent 1

2 1.38 (0.99-1.93)
3 1.15 (1.07-2.12)
4 1.67 (1.19-2.34)
5 Deprived 2.46 (1.75-3.44)

Smith, Int J Epidemiol 2006;35:1504-13

UNIVERSITAT

50% of families moved after birth, to more affluent areas

20
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Recent publications

Population mixing, socioeconomic status and incidence of
childhood acute lymphoblastic leukaemia in England and Wales:
analysis by census ward

CA Stiller™', ME Kroll', P] Boyle’ and Z Feng?

'Childhood Cancer Research Group, Department of Poediatrics, University of O ford, Oxford 02 HJLI LIK; 2 Sehool of Geogaphy and Geosdences,
brvine Budlding Uiniversity of 5t Andrews, St Andrews KY1 6 9AL DK

In this population-based study of acute ymphoblastic leukaemia (ALL) diagnosed among children aged under |5 years in England and
Wales during 1986 - 1995, we analysed incidence at census ward level in relation to a range of variables from the 1991 census, which
could be relevant to theaories of infectious aeticlogy. ‘Population-mit<ing” measures, used as surrogates for quantity and diversity of
infections entering the community, were caloulated from census data on the origins and destinations of migrants in the year before
the census. Incidence at ages | -4 years tended independently to be higher in rural wards, to increase with the diversity of origin
wards from which in-migrants had moved during the year before the census, and to be lower in the most deprived areas as
cateporised by the Carstairs index. This last association was much weaker when urbandrural status and in-migrants” diversity were
allowed for. There was no evidence of association with population mixing or deprivation for ALL diagnosed at ages 0 or 5— 14 years.
The apparent specificity to the young childhood age group sugpests that these associations are particularly marked for precursor
B-cell ALL, with the disease more likely to ocour when delayed exposure to infection leads to inoreased immunological stress, as
predicted by Greaves. The association with diversity of incomers, especially in rural areas, is also consistent with the higher incidence
of leukaemia predicted by Kinlen, where population mixing results in below average herd immunity to an infectios agent

British Joumal of Cancer (2008) 98, 1006— 1011, doi| Q.1038/s)bjc 6604237 wwwibjcancer.com

Published online 5 February 2008

& 2008 Cancer Research UK

Keywords: ledkaemia child population mixng urbansaton: deprivation; population density
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Recent publications
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B) Population mixing, socio-economic status and
incidence of ALL in England and Wales

-  Cohort study

- Cases: children with ALL diagnosed 1986-95 at age 0-14 yrs
from population-based National Registry of Childhood Tumours

- Person-years at risk from 1991 census (x10)

- SES measure:

- Carstairs deprivation score (ward level),

- Poisson regression

Stiller, British J of Cancer 2008:98:1006-11

22
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B) Population mixing, socio-economic status and
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incidence of ALL in England and Wales
Results (for 1-4 year olds only)

- no control selection bias
- Cancer registry cases (-10%); case selection bias?

- Small protective effect in most deprived group
*Adjustment for urban/rural and diversity of incomers

SES quintiles | OR ALL at Dg (crude) | OR ALL at Dg (adj*)

1 Affluent 1 1

2 0.01 1.02

3 0.99 1.01

4 0.94 0.99

5 Deprived |0.82 (p=0.011) |0.87 (p=0.007)

Stiller, British J of Cancer 2008:98:1006-11
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Recent publications

C) Childhood Leukaemia & SES in Canada

CORIGINAL ARTICLE

Childhood Leukemia
and Socioeconomic Status in Canada

Marilym J. Ean@'m:.+J¢F#: J. Spined i, Gabor Mezei," Ruzsel Wi lkins, ¥
Zenida Abariie,  and Mare L MeBnde

Background: Leuksmia is onz of the mosi common poientially fatal
illnesses i chilren, and its cawes are not well undersiood. AL
though seciceconomic dalus ( SES) has bzen related 1o Jeukemia in
some sudies, this apparent asscciation may be alirbuiable oo avcer-
lninmeni or pariicipation bizs. This smdy wa mderboken o d=ier-
minz whether thers is a difference in noidence of childhood leoke-
mia for different levels of SES, as measured by neighhorhood
inzome, in an mselsced populilion o group.

Methodk: All muees of childbhood leukemia disgnossd in the yeam
15252001 were idsntified from populationbarsd anoer regisirias
in Camada. Postl codes for the place of residence at disgnosis wers
us=d to asosrimin the cereus neighborhoods for cases. We con-
stnuct=d neighborhood -bassd incoms quinkiles from ocsreus popula-
tion daty, and siraiified the population at nisk by sex and 5-year age
groupings. Age-sandardized incidence raes and 55% confidence

irdsrumle (CTel wwrs calmlsbsd  Ws s Bedtenn reansscion in

other siudizs may be redated 1o differences in cass mosmainment or
sidy parficiparion.

{ Epicemindogy D008, 16 526-531)

Em:l:.' sidies of childbood Jeukemin have repomed & higher
imsidence with higher scoioeconomic satus (SES3Y In
more Tecen case—conirol sodies of exiremely ke fraquency
magnetic Belds and childbood lenkemin, however, cimes rendsd
to ber of lovarer SES thom conimols. suggeding a possible inverss
assogintion between SES and childhood leukemin ™"

The itvers: msocialion observed in these eoent spids-

miclogic snadies mas represent & real association hetareen BES
and ohikdbood leukemia, wehich may have shifted cver time from

this mirevienr by rbewsresd ninsbies seeamiation 1 this ol f i el

Borugian, Epidemiology 2005;16:526-31
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Recent publications
C) Childhood Leukaemia & SES in Canada
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-  Cohort study

- Cases: all children with leukaemia diagnosed 1985 -2001
from population-based cancer registries in Canada

- Person-years at risk from census data
- SES: area-based income quintiles (census data)
- Poisson regression

- Time trends

Borugian, Epidemiology 2005;16:526-31 25
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C) Childhood Leukaemia & SES in Canada

Results
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- no control selection bias

- Cases from cancer registries; case selection bias possible?
- small protective effect in most deprived group

- no time trends

SES quintiles | OR all leukaemias (Dg)
1 Affluent 1

2 0.92 (0.84-1.00)
3 0.97 (0.89-1.05)
4 0.96 (0.88-1.04)

5 Deprived 0.87 (0.80-0.95)

Smith, Int J Epidemiol 2006;35:1504-13 26
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healthsciences

Socioeconomic status and risk of childhood
leukaemia imn Denmark

Ole Raaschou-Nielsen, Josephine Obel, Susanne Dalton, Anne Tjenneland and Johnni Hansen

Institute of Cancer Epidemiclogy, Danish Cancer Society, Copenhagen, Denmark

Scand J Public Health 2004; 32: 279-286

Aims: The aim of this study was to assess the influence of socioeconomic status on the risk of childhood leukaemia.
Methods: A matched case-control design was used. The study population comprised all children (0- 14 years old) born and
reported to the Danish Cancer Registry between 1976 and 1991 for a diagnosis of leukaemia (n=2377). Controls were
selected from the Central Population Registry and matched by sex, age, and time of birth. Each child was assigned three
categories of socioeconomic status, one corresponding to the annual average income in the municipality of residence at the
time of birth, another corresponding to that at the time of diagnosis, and, finally, each family was assigned one of five social
classes by use of the job ttles of the parents. Conditional logistic regression was used to estimate the effect of socioceconomic
status on the risk of childhood leukaemia. Results: Children born in low-income municipalities had a significantly increased
risk of leukaemia (RR=2.71; 95% Cl=1.41-5.21; p=0.003), which was higher among those who receved their diagnosis
before age five (RR=343; 95% Cl=1.52-7.74; p=0.003). Neither individual social class nor the socioeconomic status of
the residential area at the time of diagnosis was convincingly associated with the risk of childhood leukaemia. Conclusions:
The results suggest that socioeconomic factors associated with community characteristics rather than individual lifestyle are
related to the risk of childhood leukaemia and that these factors act early in life.

Key words: childhood, leukaemia, social class, socioeconomic status.

Ole Raaschou-Nielsen, Institwte of Cancer Epidemiology, Danish Cancer Societv, Strandbowle vavden 49, DE-2100 Copenhagen
O, Denmark. Tel: +45 3525 7617, fax: +45 3525 7731 E-mail: olefweancer. dk
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Recent publications
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D) SES and risk of childhood leukaemia in Denmark

- Matched case-control study

- Cases: all children aged 0-14 years with leukaemia reported
from 1976-91 to the Danish Cancer Registry

- Controls from Central Population Registry, matched for
age, sex and time of birth

-  SES measures:
- municipality income at birth and at diagnosis,

- parental occupation

- Conditional logistic regression, time trends

- Adjustment for maternal age, birth order, housing,
urbanisation, geographic region (no changes in OR)

Raaschou-Nielsen, Scand J Public Health 2004:32:279-86

28
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D) SES & risk of childhood leukaemia in Denmark
Results
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- Increased risk for children born in poor municipalities
- No association with income at Dg or parents occupation
- No time trends

- Stronger risk in 1-4-year olds, stronger for AML

Municipality Municipality

(birth) OR (Dg) OR
1 Affluent 10% 0.81 0.89
2 Medium 80% 1 1

3 Deprived 10% 2.71( p= 0.003) | 0.97

Raaschou-Nielsen, Scand J Public Health 2004:32:279-86 29
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SES & Childhood Leukaemia in Switzerland

Adam, Zwahlen, Egger, Kuehni
Study design




3) Current Swiss Studies

SES & Childhood Leukaemia in Switzerland

Cases: The Swiss Childhood Cancer Registry

> National childhood cancer registry, founded 1976

> since 1990ies: incidence ~ Germany/France/UK

300
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Number of new patients

50

0

—— Total

Swiss ResiJients —— Foreign residents
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> Inclusion:

> all cases born

N— Cas
Inc

5es in database: ~ 5400
ident cases: ~ 180/yr

N

/\__\/\—/

\/\/\/

1976 1978 1980 1982 1984 1986 1988 1990

1992 1994 1996 1998 2000 2002 2004

Michel & Kuehni, Swiss Med Wkly 2007:137:502-5

before 1990
(2000) census
and diaghosed
after census

(1991-2007):

~700
leukaemias
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Controls: The Swiss National Cohort (SNC) :

National cohort study of 6.874 million people

> Linkage of anonymous records: Census data (1990 +
2000), mortality & migration records (ongoing)

g ‘y
‘Bir’thsandimmigrant > 3 O
(N=113,030)
Gl
(N=175,929)
Emil

,,,,,,, linked

N= 6,269,783
6,365,960

Future linkages
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\ 4

* 476,814 individuals could not be linked to the census 2000, a mortality or emigration record (see table 2).
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SES & Childhood Leukaemia in Switzerland
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Controls: The Swiss National Cohort (SNC)

> 4 controls per case drawn from SNC
> Frequency matched for year of birth, same census
> Various SES measures (prior to diagnosis)
—Parental education and occupation
—Housing (no of persons/rooms, ownership, rent)
—Area-based measures (SOTOMO index)
- at time of birth

-~ at time of census

Bopp et al, Int J Epidemiol, 2007:epub 33
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SES & Childhood Leukaemia in Switzerland
Strengths & limitations

> No control selection bias

> No/little case selection bias

> Exposures assessed before diagnosis

> Several family-based and area-based SES measures

> Cultural diversity (French vs. German speaking areas)
> Time trends

> Power: 90% power to assess of OR of 1.3 to 1.5

UNIVERSITAT

34
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SES & Childhood Leukaemia in Switzerland
Results
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Leukaemia and socio-economic status —
Summary

: Results heterogeneous, ~50% suggesting a positive, 50% a
negative association

- small effects (in both directions),

: mostly affecting extreme SES groups (10-20% most/least
deprived)

- Area-based measures, and exposure early in life might be
more relevant

: Results very sensitive to control and case selection bias

: Unlikely to be a strong confounder

36
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Leukaemia and socio-economic status
Future studies should

Avoid case and control selection bias

Distinguish

different SES measures

time points of exposure

age groups and cancer subtypes
time trends

- Compare results between studies/countries

Reanalyse existing data with approaches of studies with
opposite results

Interpret findings (mechanisms)

37
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3) Current Swiss Studies u
SES & Childhood Leukaemia in Switzerland :
SOTOMO Index

> 1. Index: Social status
— Net income, education level and job position
> 2. Index: Individualised lifestyle
— Living alone, working mother
> 3. Index: Integration and language barrier
— Proportion not speaking local language
> 4. Index: Population aging

— Proportion of children, working and elderly



Information from the SNC

> Information on individuals: sex, date of birth, place of
birth, nationality, place of residence now, residence 5
years ago, educational level, occupation, employment
status

> Household information: no of rooms, no of persons,
surface area, owned or rented, rent per month

> Building characteristics (geographical coordinates)

40
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